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Insectsa b s t r a c t
Following landscape change, species invasions and extinctions may lead to biotic homogenisation, result-
ing in increased taxonomic and functional similarity between previously distinct biotas. Biotic homoge-
nisation is more likely to occur in landscapes where the matrix contrasts strongly with native vegetation
patches. To test this, we examined the distribution of ground-active beetles in a landscape of remnant
Eucalyptus open woodland patches where large areas of lower contrast matrix (farmland) are being trans-
formed to high-contrast pine plantations in south-eastern Australia. We sampled beetles from 30 sites
including six replicates of ﬁve categories; (1) remnants adjacent to farmland, (2) remnants adjacent to
plantation, (3) farmland, (4) plantation, and, (5) remnants between pine plantation and farmland.
Community composition in the pine matrix was similar to native patches embedded in pine (ANOSIM,
Global R = 0.49, P < 0.000), which we suggest is due to biotic homogenisation. Remnant patches with
edges of both farmland and pine plantation did not represent an intermediate community composition
between patches surrounded by either matrix type, but rather a unique habitat with unique species.
Farmland supported the greatest number of individuals (F = 9.049, df = 25, P < 0.000) and species
(F = 5.875, df = 25, P = 0.002), even compared to native remnant patches. Our results suggest that matrix
transformations can reduce species richness and homogenise within-patch populations. This may
increase the risk of species declines in fragmented landscapes where plantations are not only replacing
native vegetation patches, but also other matrix types that may better support biodiversity. Our ﬁndings
are particularly concerning given expanding plantation establishment worldwide.
 2015 Elsevier Ltd. All rights reserved.1. Introduction
Many native species exist in a landscape mosaic that includes
native vegetation patches surrounded by human-modiﬁed land-
cover; the ‘matrix’ (Lindenmayer et al., 2001). Driscoll et al.
(2013) deﬁnes the matrix as areas where species of conservation
interest cannot form sustainable populations. The matrix can sig-
niﬁcantly impact the colonisation, persistence and survival of
patch-associated species by inﬂuencing migration (Kueﬂer et al.,
2010), changing abiotic conditions at patch edges (Lindenmayer
et al., 2009), and providing resources to patch-associated species
and/or non-patch species (Brady et al., 2011; Driscoll et al.,
2013). While each of these effects have consequences for individ-
ual species and community composition (Driscoll et al., 2013),the ability of the matrix to foster non-patch species can lead to
biotic homogenisation (Olden, 2006).
Biotic homogenisation refers to the reduction of species diver-
sity and increase in community similarity between previously dis-
tinct biotas (Dormann et al., 2007; Olden et al., 2004). The
‘winners’ of biotic homogenisation are usually generalist species,
with rapid dispersal rates and a high tolerance of human-modiﬁed
landscapes (McKinney and Lockwood, 1999). The ‘losers’ are often
habitat specialists, with low dispersal rates, being dependent on
areas characterised by low levels of landscape modiﬁcation
(Robertson et al., 2013). These ‘losers’ are vulnerable to external
perturbations (Dormann et al., 2007; Olden et al., 2004) and are
therefore more likely to suffer from local extinction events.
Successful generalist species may further expedite the process of
biotic homogenisation by exerting competitive dominance over
patch-associated species (Robertson et al., 2013).
Patch-associated species are expected to be less vulnerable to
biotic homogenisation if they can also exploit the surrounding
matrix (Ekroos et al., 2010). Matrices which share structural
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movement for patch-associated species (reviewed in Eycott et al.,
2012), which helps protect species against patch isolation and
associated extinction risks (Donald and Evans, 2006). For example,
species associated with open, grass-dominated native vegetation
remnants may perceive agricultural pastures, also having open
canopies and grasses, as sub-optimal habitat rather than hostile
matrix (Bayne and Hobson, 1998; House et al., 2012; Sweaney
et al., submitted for publication). Hence, in some fragmented land-
scapes, agricultural pastures can be more conducive to edge cross-
ings, dispersal, and resource supplementation than dense closed
forest (e.g. Jules and Shahani, 2003; Pita et al., 2007). Structurally
similar matrices can support connectivity and persistence of native
patch-associated species (Eycott et al., 2012). In these cases, the
potential for widespread generalist species to successfully domi-
nate patch-associated species or colonise patches after local
extinctions is limited (Ekroos et al., 2010).
In many regions of the world, agricultural matrices are being
transformed to tree plantations (Felton et al., 2010b; Kröger,
2012). Simpliﬁed landscapes created by the establishment and
maintenance of monoculture plantations can cause a loss of habitat
specialists and increase in population isolation, thereby increasing
vulnerabilities to extinction risks (Dormann et al., 2007; Ekroos
et al., 2010). Such landscape transformations may exacerbate and
accelerate biotic homogenisation, particularly in areas where the
agricultural matrix being replaced was structurally similar to
native vegetation remnants.
We examined the distribution and abundance of ground-active
beetles in a fragmented landscape in south-eastern (SE) Australia.
Here, patches of Eucalyptus open woodland are surrounded by agri-
cultural pastures (established almost two centuries ago) and
extensive areas of pine plantations (established 1998), including
areas where the two matrix types meet (Lindenmayer et al.,
2008a). Previous research in this study area has shown that butter-
ﬂies were often found in farmland, but were completely absent in
pine plantations (Sweaney et al., submitted for publication). These
results suggested that pine plantations constitute a high-contrast
matrix for patch-associated species, which may make populations
in patches surrounded by pine susceptible to biotic
homogenisation.
Ground-active beetles are an ecologically important group in
most ecosystems (Gibb et al., 2006b; Werner and Raffa, 2000)
and are expected to also be sensitive to matrix transformation
(Gaublomme et al., 2008). This sensitivity to environmental change
may affect beetles differently depending on their ecological traits
and/or functional group (Hyvärinen et al., 2009). For example,
winged beetle species may be more abundant in recently disturbed
areas as they can quickly colonise these sites compared to ﬂightless
species (Hart, 1998; Moretti et al., 2004), while larger-bodied spe-
cies are often found to be negatively affected by disturbances
(Ribera et al., 2001). Alterations to beetle communities and the loss
of particular suites of species with certain ecological traits (such as
body size and the presence of wings) and/or from different func-
tional groups (such as trophic groups) can have major implications
for food web stability and overall ecosystem function and integrity
(Naeem et al., 1994; Ulanowicz, 1996). However, research examin-
ing biotic homogenisation and changes to ecological traits and
functional groups in areas undergoing landscape transformation
is limited (Ekroos et al., 2010), and represents a concerning knowl-
edge gap in the literature.
To address this knowledge gap, we sought to determine if taxo-
nomic and functional similarities between ground-active beetles in
the matrix and native vegetation remnants was greater in areas
where agricultural pastures had been transformed to pine planta-
tions. We examined overall community composition, as well as
the abundance and species richness of ground-active beetles andgroups of beetles with various traits (body size, wing presence
and trophic group). We expected that, because pine plantations
in our study area contrast more strongly with eucalypt patches
compared to agricultural pastures, ground-active beetle pop-
ulations in patches surrounded by pine will show more signs of
biotic homogenisation than patches adjacent to farmland.
Given that most of the world’s new plantations are established
on former agricultural pastures (Felton et al., 2010a), understand-
ing species’ responses to matrix transformations from agriculture
to plantation is critical to successful biodiversity conservation
and the effective management of plantations. This is particularly
important given expectations that plantations will expand globally
from 230 million ha to over 300 million ha by 2020 (FAO, 2010).2. Materials and methods
2.1. Study area
This investigation was conducted at ‘Nanangroe’, 10–20 km
south-east of Jugiong in NSW Australia (Lindenmayer et al.,
2001; Fig. 1). Historically, the area consisted of extensive stands
of temperate Eucalyptus open woodlands. Approximately 85% has
been cleared for agriculture over the past 170 years
(Lindenmayer et al., 2008b). In 1998, large areas of Nanangroe
were converted to Pinus radiata plantations (Lindenmayer et al.,
2008b). Prior to plantation establishment, 52 Eucalyptus woodland
patches were selected for exemption from conversion
(Lindenmayer et al., 2001). These remnant patches are relatively
small fragments (most are <5 ha), surrounded by a matrix of agri-
cultural pastures and dense pine plantations, including areas
where the two matrices meet (Lindenmayer et al., 2001, Fig. 1).
In Australia, closed forests (such as pine plantations) and open-
woodlands are markedly different vegetation types, characterised
by distinct differences in tree and canopy height and spacing, as
well as a raft of other clear distinctions (Specht and Specht, 1999).2.2. Study Sites
We selected 30 study sites, including six replicates of ﬁve differ-
ent site categories; (1) woodland patch adjacent to both pine plan-
tation and farmland (referred to as ‘PwB’ i.e. patches with both
types of edge), (2) farmland matrix (‘F’), (3) woodland patch adja-
cent to farmland (‘PF’), (4) woodland patch adjacent to dense pine
plantation (‘PPi’), and, (5) pine matrix (‘Pi’) (Fig. 1).
Pine plantations (‘Pi’ sites) in Nanangroe are thinned every 12–
15 years and clearfelled after 25 years (Lindenmayer et al., 2008b).
At the time of our study, the pine plantation was mature (>12 years
old) and densely stocked (i.e. had not been thinned). The ground
cover of all pine matrix sites was comprised almost exclusively
of fallen pine needles.
The agricultural pastures (‘F’ sites) studied are subject to fertil-
izer application, chemical spraying, and intensive grazing by
domestic livestock (Lindenmayer, 2009). Our farmland sites sup-
ported sparse clusters of woodland trees and shrubs. Farmlands
also were characterised by several species of native and introduced
grasses.
Eucalyptus open woodland patches (‘PwB’, ‘PF’ and ‘PPi’) are
dominated by an overstorey of several species of eucalypt; yellow
box (Eucalyptus melliodora), white box (Eucalyptus albens), Blakely’s
red gum (Eucalyptus blakelyi) and to a lesser extent red stringybark
(Fischer et al., 2008). Over-storey trees are widely spaced, and tree
canopies rarely touch. The understorey and ground cover are sim-
ple, in part a characteristic of grassy open woodlands and also a
result of grazing pressure from domestic livestock (Prober and
Thiele, 1995). Shrubs and tall native grasses are uncommon
Fig. 1. Map of the study area; Nanangroe, south-west slopes of NSW Australia. Symbols show all thirty study sites. Inserts show close-ups of two of our study sites (a eucalypt
patch with edges of farm and pine, and a farm matrix site).
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sive plant Blackberry (Rubus fruticosus) also occurred in some of
the Eucalypt woodland patches studied. For further detail of the
study sites, see Lindenmayer et al. (2001) and Lindenmayer et al.
(2008b).
2.3. Field surveys
To sample ground-active beetles, we used pitfall traps (Driscoll
and Weir, 2005). We set 10, 275 ml pitfall traps on each of our 30
study sites. Traps were arranged in two lines of ﬁve. The lines of
traps were 2 m apart, and the traps within a given line were sepa-
rated by 1 m. In Eucalyptus patches, the traps were placed approxi-
mately in the middle of a site. Depending on the shape of the patch,
this left an average of 20 m from traps to patch edges. Matrix areas
were much larger than remnant native vegetation patches, so traps
were at least 20 m away (158 m) from patch edges.
Our experimental design was not aimed at sampling all species
at each site, but rather gathering enough samples of species to be
able to discern possible differences between our contrasting site
types with adequate statistical power. Sampling all species in a site
is often unrealistic in southern hemisphere systems, as there are
many undescribed species and beetles are extremely numerous;
there can be several hundred species on a single tree (Recher
et al., 1996).
Pitfall traps were protected from rain and falling debris by a
round, clear plastic lid held above the trap using wooden skewers.
Our traps contained 100 ml of saturated salt solution (70 g/L NaCl)
as a preservative (Driscoll et al., 2010). We left our traps open for
three weeks during March 2013. The average daily maximumtemperature over the survey period was 28 C (SD = 4 C), with a
low of 15 C (SD = 1.15 C) overnight (AccuWeather, 2013). The
traps were checked half way through the sampling period, and
topped up with salt solution if necessary. While we acknowledge
that many beetle species are most active during summer months
(Archer and Elgar, 2003), wildﬁres in January and February 2013
prohibited access to the study region before March 2013.
We recorded vegetation variables for each site. We estimated
the percentage of ground covered by grass, shrubs and trees in
10 m  10 m quadrats at 0 m, 100 m and 200 m along transects
previously established at each of our sites (see Lindenmayer
et al., 2001). These values were averaged across the three quadrats
to give an average value of grass, shrub and tree cover for each site.2.4. Species identiﬁcation
Samples of ground-active beetles were identiﬁed by one of the
authors (Nicholas Porch), who has extensive experience with the
beetle fauna of the study region. All individuals were identiﬁed
to genus level (at least) and then assigned a morphospecies.
We selected three species traits shown to be linked to species
responses to environmental change for inclusion in our data analy-
ses. These were: wing presence (Driscoll and Weir, 2005; Gibb
et al., 2006a), body length (Blackburn et al., 1990) and trophic level
(Didham et al., 1998).
We recorded body length from an approximately median-sized
individual (chosen by Nicholas Porch). Trophic group was assigned
based on the genus of each species (Lawrence and Slipinski, 2013),
as species-speciﬁc information is rarely available.
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In our analyses, ‘site type’ refers to the ﬁve different categories
that each of our 30 study sites were assigned to (PwB, F, PF, PPi, or
Pi, see Section 2.2).
2.5.1. Community structure
We investigated relationships between the beetle community
sampled and site type using non-metric multidimensional scaling
(nMDS). We produced a Bray and Curtis (1957) distance matrix
that included the abundance of all beetle species sampled. We
used non-standardized data to preserve site-speciﬁc characteris-
tics and responses (Lassau and Hochuli, 2008). We plotted two-
dimensional ordinations using nMDS, and performed analysis of
similarity (ANOSIM; Clarke and Warwick, 2001) with 10,000
permutations to test for signiﬁcant differences in multivariate
community structure between site types. We used R packages
‘MASS’ (Venables and Ripley, 2002) and ‘vegan’ (Oksanen et al.,
2013) to perform nMDS.
2.5.2. Abundance and species richness (including species traits)
analyses
We used Quasi-Poisson (to account for over dispersion;
Wedderburn, 1974) Generalized Linear Models (GLMs) with a
log-link function to investigate the relationship between site type
and; total abundance, each of the four trophic groups, wing
presence/absence and the three body size classes.
We used Gaussian GLMs (McCullagh and Nelder, 1989) to inves-
tigate relationships between site type and beetle species richness,
as these gave approximately normally distributed errors. We also
adjusted species richness by rarefaction (Hurlbert, 1971), because
measures of diversity may be sensitive to sample size, and anal-
ysed these values to look for possible relationships with site type.
We calculated rareﬁed species richness values using the rarefy
function in the R package ‘vegan’ v2.0–2 (Oksanen et al., 2013).
We analysed both raw and rareﬁed species richness because
rarefaction alone does not account for the fact that distributions
of species abundance between the various sampling locations
may be intrinsically different (Fleishman et al., 2006).
We performed the post hoc Tukey–Kramer Honestly
Signiﬁcance Difference test (HSD) for all statistical tests that
returned a signiﬁcant result (i.e. where P 6 0.05) to identify which
group(s) were statistically different from each other (Jaccard et al.,
1984)
We performed all statistical analysis using R 3.01 (R Core Team,
2013).
The major component of spatial autocorrelation was accommo-
dated in the analysis by including easting and northing, which
were found not to have a statistically signiﬁcant effect on any
measure of beetle diversity.
Before we performed further analyses involving total abun-
dance, species richness and species traits, we examined all
explanatory variables (site type, average tree, shrub and grass
cover for each site, elevation and easting and nothing) for possible
correlations. We found a strong correlation (correlation
co-efﬁcientP ±0.7) between tree and grass cover (correlation
co-efﬁcient = 0.71, Appendix A) and tree cover and northing
(correlation co-efﬁcient = 0.82, Appendix A). We therefore
excluded grass cover and northing from the analysis. We did not
ﬁnd any other strong correlations between covariates (Appendix
A).
We also examined for possible patch size biases, by testing
whether there was a signiﬁcant relationship between patch type
(PF, PwB and PPi) and patch size (in ha). We did not ﬁnd these vari-
ables to be related (F15,2 = 2.5084, P = 0.1149). We also found no
signiﬁcant interaction between patch size and patch type onground-active beetle species abundance (F12,2 = 0.2612, P =
0.7744) or richness (F12,2 = 0.0097, P = 0.9904). Therefore, we did
not factor patch size into following analyses.
Our statistical models initially ﬁtted each response variable
(total abundance, species richness, and each species trait group
i.e. ﬂightless beetles, beetles with small body size etc.) against
our explanatory variables (site type, tree cover, shrub cover, eleva-
tion and easting position; with grass cover and northing being
excluded). We eliminated explanatory variables from our models
using a backwards-stepwise approach (Wohlgemuth, 1998).
Explanatory variables that did not return a signiﬁcant P value
(i.e. where P 6 0.05) were dropped one at a time from each of
our models until only statistically signiﬁcant explanatory variables
remained.
We analysed total abundance as well as species richness of all
beetles sampled with each particular trait (i.e. beetles grouped into
body size categories, winged and ﬂightless, and trophic groups) for
our species trait analyses. We grouped beetles into three categories
for body size analysis; small (1–3 mm, 47 species), medium (3.5–
7.5 mm, 43 species) and large (8–25 mm, 39 species). This group-
ing provided similar numbers of species in each body size class.3. Results
We collected a total of 562 ground-active beetles represent-
ing 130 morphospecies from 28 families. These numbers, while
lower than studies conducted in some other forest types, are
typical of temperate woodlands (Barton et al., 2009; Gibb and
Cunningham, 2010; Nittérus and Gunnarsson, 2006). Of the 130
morphospecies identiﬁed, 47 were predators, 36 herbivores, 33
detritivores and 14 fungivores (Appendix B). Only eight morphos-
pecies were exotics, the remainder were native species.3.1. Community structure
We found the community structure of the subset of ground-ac-
tive beetles we sampled was similar between patches in pine and
the pine matrix, whereas other site types had distinct communities
(ANOSIM, Global R = 0.49, P < 0.000, Fig. 2a). Patches with edges of
both farm and pine matrix were not intermediate in community
composition between patches completely surrounded by either
matrix type (Fig. 2a). We found relatively large numbers of species
we sampled were unique to each site type, particularly in the farm
matrix and patches with edges of both matrix types (Fig. 2b).3.2. Abundance and species richness (including species traits)
We found, through backwards-stepwise elimination, that veg-
etation (tree and shrub cover) and position (elevation and easting)
did not contribute signiﬁcantly to any of our statistical models, and
therefore excluded them from further analyses. Thus, all results we
present here are for analyses examining relationships between
abundance or species richness (overall total and for each species
trait) of the ground-active beetles sampled and site type.3.2.1. Total abundance and species richness
We found that species richness for the subset of beetles we
sampled was signiﬁcantly lower in the pine matrix compared with
farm and patches with edges of both matrix types (Fig. 3a,
Table 1b). When we adjusted species richness by rarefaction, these
results remained the same (P = 0.002).
We found more beetles on farm sites compared to all other
areas, although abundance did not differ signiﬁcantly between
farms and patches with edges of both matrices (Fig. 3b, Table 1b).
Fig. 2. (a) Non-metric multidimensional scaling (two dimensions, Bray-Curtis distance matrix) of beetle species abundance classiﬁed by site type (stress level = 0.07). (b)
Occurrence of all beetle species among the ﬁve site types. Numbers show the total of unique species (i.e. occur there and nowhere else) for that site type or combination of site
types.
Fig. 3. Differences in (a) species richness and (b) total abundance of ground-active beetles between site types. Values are shown as predicted means and error bars indicate
standard errors. Letters on bars indicate which sites are statistically similar, and which are different.
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active beetles sampled did not differ signiﬁcantly between the pine
matrix and patches in pine (Fig. 3, Table 1b).
3.2.2. Species traits
3.2.2.1. Trophic groups. We found that the abundance of detritivo-
rous and herbivorous ground-active beetles sampled was highest
in farmland compared to all other site types (Table 1b, Fig. 4a
and c). We found species richness of detritivores and herbivores
was similar between farmland and all patches that shared edges
with farmland (Table 1b, Fig. 4a and c). We also found detritivore
and herbivore abundance and species richness was signiﬁcantly
lower in pine and patches embedded in pine compared to other
site types (Table 1b, Fig. 4a and c).
We found that both matrix types supported fewer fungivores
(total abundance and species) compared to eucalypt patches,
although this difference was not signiﬁcant between the pine
matrix and patches in pine (Table 1b, Fig. 4b1–2).
We did not ﬁnd a signiﬁcant relationship between the abun-
dance and species richness of predators and site type (Table 1a).3.2.2.2. Wing presence. We found that farm sites, and patches with
edges of farmland, generally supported more winged and ﬂightless
beetles than the pine matrix and patches in pine (Table 1b, Fig. 4d1
and e1). Of the ground-active beetles we sampled, we found lower
species richness of ﬂightless beetle species in patches surrounded
by pine and in the pine matrix compared to other sites (Fig. 4e2).
We also found species richness of winged beetles was not signiﬁ-
cantly different between the farm matrix and patches with edges
of farmland, but was signiﬁcantly lower in the pine matrix
(Table 1b, Fig. 4d2).
3.2.2.3. Body size. Generally, we found fewer small beetles (both
abundance and species richness) in both matrix types compared
with eucalypt patches, particularly patches which had edges of
both farm and pine matrices (Table 1b, Fig. 4f1–2). We found more
medium-sized beetles in farmland compared to other sites
(Table 1b, Fig. 4g1–2). We observed the same pattern for species
richness of medium sized species, although there was no signiﬁ-
cant difference between farm matrix and patches open to both
matrix types (Table 1b, Fig. 4g2). We found more individuals and
Table 1
Summary of statistical models. All response variables (listed under model) ﬁtted against site type. Signiﬁcant results (where P 6 0.05) are unshaded. (b) Results of Post-Hoc
Tukey–Kramer Honestly Signiﬁcance Difference tests (HSD) for differences in total abundance (‘‘Abund.’’) and species richness (‘‘Sp. Rich’’) of ground-active beetles with various
species traits between each site type. Signiﬁcant results (where P 6 0.05) are unshaded.
Model All Beetles Detritivores Fungivores Herbivores Winged Flightless Small-Bodied Medium-Bodied Large-Bodied 
Group 1 Group 2 
Abund. Sp.Rich Abund. Sp.Rich Abund. Sp.Rich Abund. Sp.Rich Abund. Sp.Rich Abund. Sp.Rich Abund. Sp.Rich Abund. Sp.Rich Abund. Sp.Rich 
Pi F  0.000 0.004 0.000 0.001 0.946 0.986 0.005 0.009 0.000 0.013 0.009 0.040 0.923 0.904 0.000 0.004 0.000 0.001
Pi PPi 0.916 0.632 0.945 0.766 0.149 0.066 0.988 0.990 0.995 0.477 0.929 1.000 0.342 0.334 1.000 1.000 0.997 0.981
Pi PF 0.168 0.097 0.537 0.246 0.802 0.553 0.698 0.502 0.011 0.679 0.787 0.001 0.045 0.427 1.000 0.984 0.191 0.006
Pi PwB 0.035 0.005 0.267 0.082 0.021 0.111 0.251 0.502 0.094 0.004 0.138 0.477 0.000 0.014 0.963 0.743 0.210 0.077
F  PPi 0.001 0.098 0.001 0.017 0.032 0.021 0.018 0.026 0.000 0.355 0.054 0.040 0.079 0.068 0.000 0.004 0.001 0.004
F  PwB 0.157 0.999 0.034 0.354 0.004 0.038 0.408 0.262 0.017 0.992 0.717 0.645 0.000 0.002 0.001 0.070 0.060 0.383
F  PF 0.032 0.632 0.010 0.131 0.373 0.276 0.104 0.262 0.137 0.209 0.108 0.645 0.007 0.098 0.000 0.001 0.067 0.958
PF PwB 0.938 0.689 0.986 0.976 0.208 0.843 0.926 1.000 0.863 0.091 0.692 0.073 0.342 0.427 0.963 0.432 1.000 0.808
PF PPi 0.575 0.743 0.923 0.879 0.699 0.708 0.926 0.777 0.026 0.997 0.997 0.001 0.811 0.999 1.000 0.984 0.325 0.023
PwB PPi 0.911 0.117 0.679 0.556 0.886 0.999 0.502 0.777 0.195 0.172 0.488 0.477 0.045 0.529 0.987 0.743 0.352 0.217
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to the pine matrix and patches in the pine (Table 1b, Fig. 4h1–2).
4. Discussion
Our results suggest replacing agricultural pastures with planta-
tions in areas characterised by open native vegetation patches may
negatively affect patch-associated species and others that occur
more broadly across the landscape. While farmland communities
of the ground-active beetles we sampled shared some similarities
with those in native vegetation patches, community composition
was still distinct. Conversely, the establishment of pine plantations
appeared to enhance the process of biotic homogenisation, which
is likely to have a range of negative ecological, evolutionary andsocial costs (Moritz, 2002; Olden, 2006). Supporting landscapes
with heterogeneous or mixed matrix types may enable unique
patch-associated species to persist. Our ﬁndings may better inform
management plans for the conservation of other taxa worldwide in
areas where lower-contrast matrices are being transformed to
homogenous, high contrast matrix types. Further sampling at other
times of the year, and over multiple years, will be needed to con-
ﬁrm our ﬁndings.
4.1. Biotic homogenisation between pine plantations and patches
surrounded by pine
The taxonomic and functional similarity between ground-active
beetles sampled in the pine matrix and patches surrounded by pine
Fig. 4. Differences in total abundance (‘Abund.’) and species richness (‘Sp. Rich’) for ground-active beetles with various species traits between site types. Graphs (a)–(c) show
results for trophic groups, (d) and (e) ﬂight ability and (f)–(h) categories of body size. Values are shown as predicted means and error bars indicate standard errors. Letters on
bars indicate which sites are statistically similar, and which are different.
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sation has occurred between these habitats. We suggest this is due
to two possible, congruent mechanisms; a loss of vulnerable spe-
cies from patches in pine and the pine matrix, and an inability of
ground-active beetles outside the pine matrix to recolonise
patches within the pine.
We found signiﬁcantly fewer species of ﬂightless beetles and
lower abundance and species richness of larger-bodied beetles in
pine and patches embedded in pine compared to all other sites
in our study (Fig. 4). These groups of beetles are known to have
low dispersal ability (Cole et al., 2012) and to be sensitive to
environmental change (Rusch et al., 2013). Our results suggest that
the establishment of pine plantations has led to a loss of these vul-
nerable species in the pine matrix and patches surrounded by pine,
which is expected to enhance the process of biotic homogenisation
(Ekroos et al., 2010; Olden et al., 2004).If patch-associated species cannot recolonise patches left empty
by local extinctions of vulnerable species, this will further exacer-
bate the process of biotic homogenisation (Ekroos et al., 2010).
Dispersal ability of beetles in grassland and cultivated pastures
can be greatly reduced by taller and more structurally complex
matrix types (i.e. shrubs and forest) in other systems (Jonsen
et al., 2001; Kareiva, 1985). Our results support the suggestion that
pines may be limiting effective dispersal, as patches within pine
did not share taxonomic or functional similarities with other patch
types (e.g. Fig. 2a, the abundance of small-bodied beetles and spe-
cies richness of larger-bodied beetles, Fig. 4). More research will be
needed, perhaps employing mark/recapture (Dávalos and Blossey,
2011) or direct tracking methods (Goodwin and Fahrig, 2002), to
understand the effects of the matrix on dispersal behaviour and
consequences for recolonisation efforts by ground-active beetles
in our study area.
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The farmland matrix in our study supported the largest number
of ground-active beetle individuals and species (Fig. 3), even com-
pared to native vegetation patches. This result contrasts with those
of other studies (Driscoll and Weir, 2005; Hendrickx et al., 2007).
Our nMDS analysis showed farmlands supported a unique commu-
nity of ground-active beetles, with many species found solely on
farmlands (Fig. 2). These results were not driven by an inﬂux of
exotic species, as our analysis yielded the same results even when
exotic species (n = 8) were removed from our dataset. Rather, we
suggest that since farmland establishment (over 100 years ago),
species sensitive to this change in land-cover use (from native veg-
etation to agricultural pasture) may have already become locally
extinct (Jellinek et al., 2004). Nanangroe may now be inhabited
by many ground-active beetle species that are well adapted to
agricultural pastures (Jellinek et al., 2013). As the pine plantation
at Nanangroe is comparatively new (approx. 15 years old), our
study may be highlighting the impact of this recent change in
land-cover. Watson et al. (2013) suggest that repeated land-cover
change can further simplify community composition of various
taxa. Our results indicate that with further replacement of farm-
land with plantations, there could be a large shift in the ground-ac-
tive beetle assemblage, including the loss or reduction in
abundance of many species.
4.3. Patches with mixed matrix edges
Interestingly, our nMDS analysis did not show patches with
edges of both farm and pine matrix as being intermediate in com-
munity composition between the two other patch types (Fig. 2a).
This is unexpected as other studies have shown intermediate com-
munity structure in patches surrounded by matrices undergoing
land-cover change (Drapeau et al., 2000). Our species trait analysis
highlights some intermediate properties of these patches, such as
abundance of winged beetles and species richness of ﬂightless
and large-bodied beetles (Fig. 4). However, patches with edges
open to both matrix types also supported relatively large numbers
of unique beetle species (Fig. 2b), which would inﬂuence commu-
nity divergence. Two species in particular, belonging to the
Families Anobiidae and Sphinididae, were present in almost every
patch with edges of both matrix types, but nowhere else in our
study area. While pine plantations appear to negatively impact
ground-active beetle communities generally, this result suggests
that patches with edges of mixed matrix types and therefore more
heterogeneous edges, represent a unique habitat. This has broader
implications for the management of fragmented landscapes, as it
suggests that increasing edge heterogeneity may enable unique
patch-associated species to persist (Dauber et al., 2003;
Slancarova et al., 2014). Further research is needed to identify what
patch-level variables are inﬂuencing the high levels of species
uniqueness we observed between the various site types.
4.4. Effect of sampling timing
Our investigations may have yielded different results if surveys
had been conducted at other times of the year (ours being con-
ducted at the onset of Autumn). For example, other studies have
found greater abundances of predatory beetles in patches follow-
ing increases in prey species (Holland et al., 2004; Menalled
et al., 1999; Osawa, 2000). These increases in prey species can be
caused, for example, by periods of weed growth during winter
and spring (Holland et al., 2004). Similarly, other animals which
prey on beetles may disproportionally decrease populations of cer-
tain beetles during times of increased resource needs, such as
when predatory species have young to provide for, or declines inother food supplies (Edworthy et al., 2011; Koplin, 1972).
Therefore, sampling ground-active beetles at different times of
the year in our study area may reveal different distribution pat-
terns to those observed in our surveys.
Farming and plantation management, including cropping, graz-
ing, clear-felling and thinning, can also affect ground-active beetle
abundance and species richness, and vary throughout the year. For
example, previous studies in other areas have found that the abun-
dance of some ground-active beetles declines following farmland
cropping (e.g. Cizek et al., 2012), while others have reported nega-
tive impacts of livestock grazing (e.g. Almeida et al., 2011).
Plantation cycles can also impact ground-active beetle communi-
ties. For example, clearfelled plantations may support just as many
beetle species as native vegetation patches (Butterﬁeld et al.,
1995), and more species than densely stocked forests (Fahy and
Gormally, 1998; Lenski, 1982). However, clearfelling and thinning
are temporary habitats, and as such may not be stable enough to
provide the resources for rare species, longer-lived species, or
those with poor dispersal abilities (Bengtsson et al., 2000;
Koivula et al., 2002). Therefore, clearfelling may not, for example,
prove beneﬁcial for increasing the occurrence or abundance of
the ﬂightless and larger-bodied species in our study that appeared
to be negatively impacted by plantation establishment. It would
still be valuable, however, to sample the ground-active beetle spe-
cies in our study sites at other times of the year, and over multiple
years, to ascertain the possible impact that timing and seasonality
may have on the trends we observed.
4.5. Inﬂuences of abiotic conditions and vegetation variables on
community divergence
Abiotic conditions experienced at edges of patches can inﬂu-
ence within-patch communities (Farmilo et al., 2013; Jules and
Shahani, 2003). Closed canopy plantations experience more stable
temperature gradients, decreased drying of top soil layers
(Butterﬁeld, 1999), less wind and direct sunlight, and moister soil
(Karen et al., 2008) compared to open habitats. These conditions
inﬂuence beetle assemblages in other systems around the world
(Barbosa and Marquet, 2002; Koivula, 2011; Perner and Malt,
2003), and may be contributing to the ground-active beetle com-
munity divergence between patches surrounded by pine and other
eucalypt remnants in our study.
The vegetation variables we recorded (tree, shrub and grass
cover) did not signiﬁcantly affect ground-active beetle abundance
or species richness. While previous studies have shown these vari-
ables to substantially inﬂuence beetle communities (e.g. Harvey
et al., 2006; Stapp, 1997; Woodcock et al., 2007), the vegetative dif-
ferences between sites in our study would have been confounded
with the higher-level experimental design. For example, pine plan-
tations completely lacked grass and shrub cover, and farmland was
comprised almost entirely of grass. The dominance of the higher-
level design in regards to trends observed in ground-active beetle
abundance and diversity explains the lack of response to site-level
vegetation variables in our study. In addition, the stark design-
level contrasts between site types meant that measuring other
variables shown to impact beetle diversity in other systems, such
as fallen timber (Rieske and Buss, 2001) and leaf litter (Lassau
et al., 2005), were redundant, as these too would be confounded
with site type in our study.
4.6. Management implications
Our ﬁndings suggest that expansions of plantations in areas
where they contrast strongly with native vegetation patches may
increase the risk of species declines in fragmented landscapes, par-
ticularly if they completely replace other matrix types. Therefore,
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tural and compositional similarity to native vegetation patches
should be a priority for management concerned with enhancing
biodiversity conservation in patchy networks (Eycott et al., 2012;
Hodgson et al., 2009). In Nanangroe, this may be achieved through
a few simple changes to plantation management, including; lower-
ing tree density (Kleintjes et al., 2004; Waltz and Wallace
Covington, 2004) and/or planting or regenerating corridors of
native trees or understorey vegetation (Hartley, 2002). These
strategies have improved matrix permeability and use for a range
of patch-associated invertebrates in other systems (Eycott et al.,
2012; Kleintjes et al., 2004; Waltz and Wallace Covington, 2004).
4.7. Conclusions
Our results show that agricultural areas support a diverse pop-
ulation of ground-active beetles. However, the expansion of plan-
tation establishment worldwide (FAO, 2010; Nahuelhual et al.,
2012) will often be at the expense of agricultural pastures
(Felton et al., 2010b). Matrix transformations from agriculture to
pine plantation can have a signiﬁcant impact on the ground-active
beetle community inhabiting not only the matrix, but also adjacent
native vegetation remnants. We suggest that densely stocked plan-
tations may cause taxonomic and functional biotic homogenisation
of ground-active beetles. This process is expected to also affect a
range of other taxa, particularly species with low dispersal
capabilities or those vulnerable to environmental change. Efforts
to increase matrix permeability and use by patch-associated spe-
cies should be a key management objective for successful biodiver-
sity conservation in fragmented landscapes (Eycott et al., 2012;
Öckinger et al., 2012).
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